This study examines the productivity growth of the nationwide banks of China over the ten years to 2006. Using a bootstrap method for the Malmquist index estimates of productivity growth are constructed with appropriate confidence intervals. The paper adjusts for the quality of the output by accounting for the non-performing loans on the balance sheets and test for the robustness of the results by examining alternative sets of outputs. The productivity growth of the state-owned banks is compared with the Joint-stock banks and it determinants evaluated. The paper finds that average productivity of the Chinese banks improved modestly over this period. Adjusting for the quality of loans, by treating NPLs as an undesirable output, the average productivity growth of the state-owned banks was zero or negative while productivity of the Joint-Stock banks was markedly higher. Malmquist index is constructed within the framework of Data Envelope Analysis (DEA), which in turn is a non-parametric linear programming method that applies observed input and output data to create a 'best practice' frontier. A problem with the use of DEA is that it assumes the data is not a sample generated from a distribution.
Introduction
Banking efficiency and banking reform is a vogue topic among Chinese scholars. Banking sector reform in China, which has been a gradual and on-going process since 1978, has provided Chinese researchers with ample material for the study of efficiency dynamics in banking. A further stage of reform was announced in 1993 with the objective of creating an efficient and commercial banking sector. There have been a number of studies of banking efficiency that have been published in Chinese scholarly journals 1 , but to date only a few studies are available to non-Chinese readers 2 . The gradualist reforms of the banking sector and the potential of foreign competition is expected to improve efficiency and productivity in the banking sector. Signs of improvement in the Chinese banking sector have included improved profitability and declining non-performing loans and objective evidence of improved performance has begun to emerge 3 .
This paper examines the productivity of the nationwide banks in China using the Malmquist index approach for the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The Malmquist index has the advantage of being able to decompose productivity growth into technological change, which captures any expansion in the production frontier, from efficiency improvement, which captures the movement towards the efficient frontier. The
Malmquist index is constructed within the framework of Data Envelope Analysis (DEA), which in turn is a non-parametric linear programming method that applies observed input and output data to create a 'best practice' frontier. A problem with the use of DEA is that it assumes the data is not a sample generated from a distribution.
Therefore the data captures the true production set with deterministic certainty.
This research has three objectives. First, it aims to measure the productivity of the nationwide operating banks in China using four different models specifying the production technology of inputs and outputs. Second, it considers non-performing loans as an undesirable output. Third, it addresses the problem of inference inherent in the use of DEA as a measure of relative performance. The main drawback of the DEA approach is that it assumes the inputs and outputs are measured without error and therefore do not permit statistical evaluation. This paper provides an inferential capability to the point-estimates of productivity through the use of non-parametric bootstrapping methods.
The results are that the 4 state owned banks showed either no productivity growth or even productivity regress over the decade [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Three out of the four models show that the JSBs outperformed the SOBs in terms of total factor productivity growth driven largely by technological progress. The econometric analysis indicates that productivity growth was negatively associated with the size of the bank. The revenue mix measured by the share of non-interest income in total revenue was positively related to productivity growth.
This paper is organized on the following lines. The next section outlines the background to the Chinese banking system. Section 3 discusses the methodology and literature relating to the Malmquist method of estimating bank productivity. Section 4 presents the banking data. Section 5 discusses the results and section 6 concludes.
Chinese Banking
In 2006, the Chinese banking system consisted of 19,797 institutions, including 3 policy banks, 4 large state-owned commercial banks (SOB), 12 jointstock commercial banks (JSB), 113 city commercial banks (CCB), 14 locally incorporated foreign bank subsidiaries and the rest made up of urban and rural credit cooperatives and other financial institutions.
Like many economies that have undeveloped financial and capital markets, the banking sector in China plays a pivotal role in financial intermediation. Table 1 below shows that the ratio of total bank assets to GDP has increased from 126%, in 1997, to 206% in 2006. The market remains is absolutely dominated by the four state owned banks, although their share of the market has been decreasing steadily through competition from the other commercial banks (JSB and CCB). The theory of market contestability (Baumol, 1982) suggests that incumbent banks will restructure weak balance sheets, reduce costs, and improve efficiency in preparation for the threat of entry. Chinese banks should exhibit less inefficiency, and strong productivity improvements between the periods 1997 and 2006, with marked improvements in the latter years.
Methodology and Literature
This section outlines the methodology and reviews the literature on the measurement of bank productivity in general and China in particular. Data Envelope Analysis can be used to evaluate the efficiency of a firm by comparing it with a 'best practice' or output efficient firm. An output efficient firm is one that cannot increase its output unless it also increases one or more of its input, whereas an output inefficient firm is one that can increase its output without increasing its inputs. An output efficient firm would have a score of 100% as being located on the output 4 CBRC Annual Report 2006 http://www.cbrc.gov.cn/english/home/jsp/index.jsp 5 According to La Porta, et. al (2002) , 99% of the 10 largest commercial banks were owned and under the control of the government in 1995.
efficient frontier whereas an output inefficient firm would be inside the frontier and have a score of less than 100%. Similarly an input efficient firm is one that cannot reduce its inputs without reducing its output whereas an input inefficient firm can.
The major drawback of the DEA approach is that the efficiency scores obtained from a particular sample are confined to that particular sample and cannot be compared with another sample in a different time period. This limitation does not allow the measurement of productivity growth, which allows for improvement in efficiency as well as technical progress.
The idea of comparing the input of a decision making unit over two periods of There is a cap of 25% on total equity held by foreigners and a maximum of 20% for any single investor, except in the case of joint-venture banks 7 Grosskopf (2003) provides a brief history of the Malmquist productivity index and discusses the theoretical and empirical issues related to the index. For the decomposition of Malmquist productivity index, see Lovell (2003) . 8 A further decomposition can be conducted by separating the change in efficiency into the change in pure efficiency x change in scale efficiency. The change in efficiency is constructed under CRS while the change in pure efficiency and scale efficiency is constructed under VRS. See Ray and Desli (1997) inefficiency) is the output distance function of Shephard (1970) or Färe (1988) defined as;
An illustration using the one input one output case is shown in Figure 1B of Appendix B. To construct the Malmquist productivity index we need to specify the distance function for two adjacent time periods. So for period {t+1} the distance function is defined as;
The Malmquist index (M) of total factor productivity change is the geometric mean of the two output distance function ratios based on the technology for period's t+1 and t respectively. In other words: 
In their study of productivity growth in industrialised countries, Färe et al (1994) decompose (4) for changes in efficiency (catch up) and changes in frontier technology (innovation). This can be seen by expressing (4) as:
where M = the Malmquist productivity index E t+1 = a change in relative efficiency over the period t and t+1 T t+1 = a measure of technical progress measured by shifts in the frontier from period t to t+1
When M > 1 it means that there has been a positive total factor productivity change between period t and t+1. When M < 1 it means that there has been a negative total factor productivity change.
The choice of the variables for the input and output vectors is invariably a contentious issue in the banking literature. The literature typically identifies two approaches, the intermediation approach and the production approach. The intermediation approach is based on the principal function of the bank as a financial intermediary which raises deposits and transforms these into earning assets such as loans and other earning assets. In this approach outputs are typically interest earning assets (loans and securities) while deposits along with labour and physical capital is treated as inputs.
With the production approach, banks are viewed as producers of financial services associated with individual loan and deposit accounts. These services are produced by utilising physical capital and labour. In this approach the number of accounts of different loan and deposit categories and the number of transactions is taken as measures of outputs. In reality it is difficult to obtain data on the number of accounts and number of transactions in a given time period. In practice scholars adopt the value-added approach of Berger and Humphrey (1991) in which the real values of corresponding balance sheet items are used as measures of outputs. Therefore in this approach loans, other earning assets and deposits will be viewed as outputs while labour and physical capital is used as the inputs (for example Berg et al, 1992 below) .
The use of the Malmquist method of evaluating productivity performance of banks has been a growth area of academic enquiry. Berg et al (1992) examined Norwegian banks 1980-89 and found productivity regress prior to deregulation and strong productivity gains due to catch-up after deregulation. They use the variant of the production approach that had long term loans, short term loans and deposits as measures of output. The Malmquist decomposition was used by Wheelock and Wilson (1999) to examine bank productivity in the USA for the period 1984-93.
Using the intermediation method they separate deposits into demand deposits (noninterest paying) and other deposits (interest paying) with the latter used as an input and the former an output. They report a general drop in average productivity caused by failure to catch-up with outward shifts of the production frontier. Alam (2001) found that the deregulation period resulted in a productivity surge in the first half of the 1980s followed by a productivity regress in the second half for large US banks.
These results were confirmed by Mukherjee et al (2001) who also use panel estimation to explain productivity growth in terms of bank size, product-mix and capitalisation.
Other studies of bank productivity using the Malmquist method have been Drake (2001) for the UK, Grifell-Tatjéand Lovell (1997) for Spain, Canhoto and Dermine (2003) for Portugal, Noulas (1997) for Greece and Isik and Hassan (2003) for Turkey.
A pan-European study was conducted by Casu et al (2004) who compare parametric with the Malmquist method. There finding is that productivity growth in European banking has been largely brought about by technological change rather than efficiency improvement. Outside Europe, Worthington (1999) found that Australian Credit Unions exhibited strong technological progress after deregulation and Neal (2004) found that productivity improvements were mostly shifts in the frontier with the majority of banks having negative catch-up over 1995-99.
A number of studies of the productivity of Chinese banks have been conducted by Chinese scholars but with little consensus in the findings. Chen (2002) that the impact of foreign banks was not significant. Table 2 below provides a non-comprehensive summary of the studies on banking productivity performance in China and the rest of the world. The one common finding of the Chinese studies was that the average productivity performance of the jointstock commercial was greater than the average performance of the state-owned banks.
In all other respects there is little consensus as to whether TFP was driven by technological progress (frontier shift) or efficiency gains. Partly this was may have been due to the relatively small sample employed (typically the 14 national banks), partly to differences in the set of inputs and outputs used but importantly none of the studies employed a bootstrap methodology to provide an inferential capability that provided statistical significance.
The application of bootstrapping methods to the Malmquist productivity index is an ongoing area of research (Lőthgreen and Tambour, 1999) . Relatively few studies have applied bootstrapping methods to measure banking productivity. Gilbert and They confirm the basic finding of Casu et al (2004) that productivity gains were driven by technological progress but find significant differences in inter-country performance 10 .
Under the intermediation approach, bank assets measure outputs, and liabilities measure inputs whereas the production approach recognises that the bank provides intermediation services and payment services to depositors. In the production approach, physical entities such as labour and capital are inputs while deposits are a measure of output. Goldschmidt (1981) argues that deposits are both inputs and outputs depending on its use in intermediation services or payments services and suggests a weighting mechanism similar to the divisia mechanism of Barnett (1984) .
Such a separation would need information about the term maturity of deposits. This information is not easily available for banks in China and in any case up until very recently deposit interest rates were regulated and did not reflect market fundamentals.
This study adopts a mixture of models that blend both the intermediation and production methods to test the robustness of the measures of bank productivity. 10 Alam (2001) also uses bootstrap confidence intervals to provide an inferential capacity to the point Subtracting non-performing loans from the stock of loans for each bank creates a new output variable (LOANSQ) which replaces total loans in models 1 and 2 to create models 3 and 4 respectively. Another argument for adjusting loans for NPLs is to mitigate the effect of the large loan portfolios held by the big-4 SOBs on the efficiency calculation. The unadjusted loan portfolio would bias the efficiency score upwards for the SOBs which have the largest share of loans but also the highest proportion of NPLs. To our knowledge this has not been previously examined in the Chinese context.
Banking data
This study employs annual data (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) it was 11.2 per cent. Although small by Western banks standards, the dramatic rise in fee-generated income in the space of a decade is testimony to the growing importance of this area of banking business to China.
Empirical Results
Tables 4a -d show the estimates of total factor productivity and its decomposition under CRS for each of the banks in the data set for the full period 1997-2006. As noted in footnote 8, if the production technology is variable returns to scale (VRS), the Malmquist TFP index can be further decomposed into frontier shift, pure efficiency change and scale efficiency. The bootstrap algorithm of Simar and Wilson (1999) uses the conical hull of the observed data to estimate the production set, which amounts to assuming CRS. However, the Malmquist index provides consistent estimates of the true value irrespective of the returns to scale assumption but may give inconsistent results regarding the sources of productivity in the decomposition. Consequently, the null hypothesis of CRS was tested against the alternative of VRS for each year using the third test of Banker (1996) in Models 1 and 2, which is a Kolmogorov-Smirnoff test. Except for the year 2001, the null of CRS could not be rejected and we proceeded cautiously with the assumption of CRS 12 .
In this exercise the availability of a full balanced panel meant that only 13 banks were used. The tables also reports the 95% confidence intervals for each estimate obtained from 1000 bootstrap generations for each bank based on Simar and Wilson (1999) . Appendix C outlines the steps of the bootstrap algorithm. A '*' by each estimate denotes that it is significantly biased (outside the standard error band).
The banks have been grouped into the 4 SOBs, the 5 top JSBs and the 5 bottom JSBs.
Tables 4 a-c show that out of 156 estimates of the Malmquist productivity growth and decomposition, 102 have significant statistical bias. It is clear therefore that little 12 However, this result must be interpreted with caution in the light of the Monte-Carlo findings of Simar and Wilson (2002) . It was also found that only 5 out 10 years could not reject CRS in models 3 and 4 which compounds the caution relating to the assumption of CRS.
confidence can be placed on the point estimates of total factor productivity in using the 4 variants of inputs and outputs. Under the intermediation approach, bank assets measure outputs and liabilities measure inputs whereas the production approach recognises that the bank provides intermediation services and payment services to depositors. In the production approach, physical entities such as labour and capital are inputs while deposits are a measure of output. Goldschmidt (1981) argues that deposits are both inputs and outputs depending on its use in intermediation services or payments services and suggests a weighting mechanism similar to the divisia mechanism of Barnett (1984) . Such a separation would need information about the term maturity of deposits. This information is not easily available for banks in China and in any case up until very recently deposit interest rates were regulated and did not reflect market fundamentals.
This study adopts a mixture of models that blend both the intermediation and production methods to test the robustness of the measures of bank productivity. The tables present the Malmquist productivity index, the increase in efficiency (catch-up) and technical progress for each model with indicators of statistical significance. An indicator of significance states that the bias-corrected estimate is significantly different from unity (no change). 1.0271 2.0031*** 1.4296** *** significant at the 1%, ** significant at the 5%, * significant at the 10% 1.0618 1.3290*** 1.5166*** *** significant at the 1%, ** significant at the 5%, * significant at the 10% 1.1938 3.5628*** 1.8122** *** significant at the 1%, ** significant at the 5%, * significant at the 10% 2.3739*** 3.3114*** 2.1407** *** significant at the 1%, ** significant at the 5%, * significant at the 10%
The tables show the movements in productivity growth figures for each year, but the We can interpret the results from Models 3 and 4 in the following way. All the banks have had some productivity growth driven largely by technological progress.
However, this has favoured the benchmarks banks that have improved productivity faster than the rest leading to average efficiency regress. In the case of model 2, we can see from Table 5b However, in the case of the bottom 5 JSBs Table 5b shows that strong significant technical progress was matched by neutral efficiency gains giving the implausible result of zero productivity growth (in the statistical sense). However, according to Simar and Wilson (2000) the bias corrected bootstrap has a mean square error that is larger than the uncorrected bootstrap, but the gap declines with increased number of bootstraps. The mean level of TFP growth for the period 1997-2006 for the lower 5 JSBs was 1.1471 with a lower bound of 0.988 at the 10% level of significance. The potential for a type 2 error in inference is strong. An increased number of bootstraps could produce a tighter 90% range where the mean estimate of TFP will be significantly different from unity which would be consistent with the decomposition of strong technical progress and zero catch-up.
We now turn to an analysis of the characteristics of productivity growth by examining its determinants. The raw material of what is to be explained on a yearly basis is the bootstrap mean value of the Malmquist productivity index for each bank under the assumption of each of the models 1-4. Table 6 shows some selected results from panel corrected heteroskedastic adjustment 14 . The bank specific variables are;
LSIZE is the natural logarithm of total assets, COST is the cost-income ratio, SOB is a dummy variable for state-owned banks, FOR is the foreign ownership stake given by Table 2 , FEE is the proportion of revenue from net fees and commissions, IPO is a dummy variable for the year of the bank listing on the domestic stock exchange. The two consistent determinants for all four models is size, measured by total assets, and the composition of revenue. The sign on the variable LSIZE suggests that the larger the bank, the lower the growth in productivity. An indicator of managerial flexibility and capability to diversify output is given by the composition of earnings from off-balance sheet sources. The sign on FEE suggests that the greater the composition of fee income in revenue, the greater the productivity growth. There is weak evidence that foreign financial institutional shareholding is associated with higher productivity growth but this affect is weakened when NPLs are treated as an undesirable output. There is no evidence that productivity growth is obtained through cost reduction and there is little evidence that state-owned banks have a productivity advantage. The extension of ownership from state and local government to the domestic public through listing on the domestic exchanges has had mostly no statistical effect on productivity. Where significant, this variable enters with a negative sign.
Conclusion
This paper has used the Malmquist decomposition to quantify the productivity growth of Chinese banks in 1997-2006. The advantage of use the Malmquist method is that it separates the diffusion of technology (efficiency gains) from advances in technology (frontier shifts). The paper also applies bootstrapping techniques to evaluate significant changes in productivity, efficiency gains and innovation. In common with many other studies of Chinese banks, we find that in general the performance of the JSBs outstrip the SOBs.
Using deposits as an output, only the top 5 JSBs showed significant productivity gains driven by strong technological advances over this period. When deposits are treated as an input, productivity growth is zero with technological gains being offset by average efficiency regress. But there is weak evidence that technical progress in the bottom 5 JSBs is translated into positive TFP growth.
Once NPLs are treated as an undesirable output the picture becomes clearer.
At best there is on average no productivity growth for the SOBs and at worst, there is average productivity regress. Technological gains have been swamped by average efficiency losses. However, the JSBs show strong productivity growth driven by spectacular innovation effects. While adopting technologies that improved the productivity of the average JSB, the average JSB failed to keep up with the benchmark banks and moved further away from the frontier. Treating the different models as boundary values the story is that at best the SOBs experienced zero productivity growth and at worst experienced productivity regress, whereas the JSBs at best experienced strong productivity growth and at worst experienced zero productivity growth.
An econometric analysis confirms that the larger banks had lower productivity The analysis also revealed weak evidence that the stronger the foreign financial institutional stake in the bank, the greater the productivity growth of the bank. However, as Appendix A shows, this aspect is relatively recent in the sample frame and until further data is available, requires a cautious assessment.
Appendix B Figure 1B
Points A and B represent observations in period's t and t+1 respectively. The rays from the origin S t and S t+1 represent frontiers of production for period's t and t+1
respectively. Relative efficiency is measure in one of two ways. The relative efficiency of production of a firm at point A compared to the frontier S t is described by the distance function d t (y t ,x t ) = 0a/0b. But compared with the period t+1 frontier S t+1 , it is d t+1 (y t ,x t ) = 0a/0c. The relative efficiency of production of a firm at point B compared to the period t+1 frontier S t+1 is d t+1 (y t+1 ,x t+1 ) = 0d/0e. Compared with the period t frontier S t , the relative efficiency is d t (y t+1 ,x t+1 ) = 0d/0c. . As in Simar and Wilson (1998) a DGP is assumed whereby the N banks randomly deviate from the underlying true frontier in a radial input direction.
Bootstrapping involves replicating the DGP and generating 1000 pseudo samples which are used to measure the distance function for either period for each observation in the pseudo sample. This section borrows heavily from Jeon and Sickles (2004) Step 1 bounded from below at unity.
Step 2 Step 4 Step 6 unit values which gives a (N x 2) of bivariate deviates from the estimated density of ∆ and ε * is an (N x 2) containing N independent draws from the kernel function K j (.).
Step 7 Step 8: Pseudo samples for i = 1, 2, ..N and j = 1,2.
Step 9: Compute the four distance functions; . Repeat steps 3 to 9 1000 times to get a set of 1000 bootstrap estimates.
